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i7I> We, Centre National de la 
R r< in-.* fche Scientifique, a French Govern- 
ment Administration of 15, Quai Anatole 
f : ranee, 75 - Paris (7eme) (France), do here- 

5 by declare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: 

10 I he invention relates to electric switches 
intended to cut off in a very short time 
(less than a millisecond) electric currents 
of very high intensity (preferably greater 
than a million amperes) preferably gener- 

15 ated in electric circuits having high self 
impedance. 

An object of the invention is to provide a 
switch of this type which is able to fulfill 
i he various practical requirements better 

20 than prior-known switches, in particular 
with respect to the brevity of the cut-off 
and robustness. 

The invention provides an electric switch 
for cutting off an electric current of very 

25 high intensity (preferably greater than a 
million amperes) in a very short time (less 
lhan one millisecond) comprising two con- 
ductive members electrically connected to 
the two tenninals of the switch respectively, 

30 the members being separated from one 
another by a gap for containing a conduc- 
tive liquid through which current will flow 
to establish electrical contact between the 
members when the switch is closed, the gap 

35 being so arranged that the liquid therein 
will carry current flowing in a different 
direction to current flowing in an adjacent 
conductive member so that there will be 
a net magnetic force tending to eject the 

40 liquid from the gap; and rapidly releasable 
means to maintain die liquid in the gap in 
spite of such force to retain the switch in 
its closed state, on the release of which, 
means the magnetic force will abruptly eject 

-15 the liquid partly or wholly from tie gap 

[Price 5s. Od. (25p)] 



thereby to increase the effective current path 
length to open the switch. 

Advantageously the members together 
with the liquid in the gap form a generally 
U-shaped conductive path through^ which 50 
the current will flow when the switch is 
closed. 

Preferably insulating baffles are provided 
in at least one of the conductive members 
and define a maze-like conductive path 55 
along which the current will travel after 
such, whole or partial ejection of the con- 
ductive liquid from the gap. 

Advantageously the gap which separates 
the two conductive members is of increas- 60 
ing width in the direction of the ejection of 
the conductive liquid the direction in which 
the width is measured being parallel to the 
direction of current flow when the switch 
is closed. -65 

The invention is particularly suitable for 
abruptly cutting off high currents flowing in 
self inductances with a view to creating very 
intense current impulses usable in particu- 
lar for the formation of plasmas. 70 

In order that the invention may be 
readily understood some specific embodi- 
ments thereof will now be described by way 
of example only with reference to the ac- 
companying drawings in which: — 75 

Figure 1 is a schematic diagram of an 
electric circuit equipped with a switch ac-* 
cording to the invention; * - 

Figure 2 is a diagram showing the mode 
of operation of such a switch; 80 

Figures 3 and 4 show schematically the 
arrangement of the conductive members in 
two such switches; 

Figures 5 and 6 show, respectively, in 
axial section and in transverse section along 35 
VI-VI of Figure 5, a switch arranged ac- 
cording to one embodiment of the present 
invention in its closed state; 

Figure 7 is ah axial half-section of this 
same switch, in its open state; 90 
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Figure 8 is an axial half-section of a 
modification of such a switch, also in ac- 
cordance with the invention; and 

Figure 9 is an axial half-scctipa of an r 
5 other embodiment of a switch according to 
the invention. 

Referring first of all to Figure 1, an 
trip circuit 1 has been shown having a self 
inductance 2 in which a current generator 
10 3 generates a high current; a switch 4, ar- 
ranged according to the present invention, . 
is inserted in the circuit I to cut the high 
current in a very short time, in a manner, 
in particular, to generate a current im- 
15 pulse of considerable intensity. 

The two terminals 5 "and 6 of^this switch 
4 are connected respectively to two con- 
ductive members 7 and' 8 separated one 
from the other by a small gap 9 (Figure 
20 3). A liquid conductor 10 is introduced into 
this gap providing the electrical connection 
between the two members and means are 
provided for ejecting this liquid abruptly 
at the desired instant so as to cut this con- 
25 nection at that instant. 

Instead of filling the gap 9 completely, 
the liquid conductor 10 can be in the form 
of a finger-like column of liquid of limited 
length, initially, (i.e. for the "closed" state 
30 of the switch) interconnecting the parts, of 
the members 7 and 8, that are adjacent the 
terminals 5 and 6. 

During its ejection, the conductive 
column of liquid 10 moves progressively 
35 further away from the terminals, electrically 
connecting parts of these members 7 and 
8 which are more and more remote from 
these terminals as it does so, which pro- 
gressively increases the resistance between 
40 these terminals. In practice, the current cut- 
off is generally considered to be sufficient 
when this resistance reaches a value about 
1000 times its initial value. 

In Figure 2 each of the members 7 and 
45 8 has been schematically represented by a 
series of resistances 11 and 12 of which cer- 
tain corresponding points are respectively 
connected to conductive plates 13 and 14 
insulated from one another each plate 13 
50 being disposed opposite to a plate 14 and 
being able to be electrically connected to 
this plate 14 by the liquid finger 10. It will 
be easily understood from this schematic 
diagram that the abrupt ejection of the 
55 finger (towards the right in Figure 2) 
rapidly increases the total resistance of the 
switch by adding successive resistances be- 
tween its terminals 5 and 6. 

In order to eject the liquid column 
fl) abruptfy from its initial position, use is 
made of electromagnetic forces, that the 
electric current passing through this column 
exerts thereon. As is well known when two 
current carrying conductors extend adjacent 
65 one another there will be net forces acting 



OH the conductors as a .result of the inter- 
action of the* flux arising- -aa a result of each 
purrent. Such forces are. hereinafter referred 
to as ^^aplace forces^ 

As these forces increase with an increase 
in the width of the finger (that is to say its 
dimension parallel to the direction €*f the 
current ^flbw)aAd, as it desirable tp re- 
duce* the mass 6? liquid to be ejected as 
much as possible, the gap ^ may, advan- 
tageously, be of increasing width in the 
direction of ejeotiori'of the liquid, as illus- 
trated sdseiaatically'ai 15 in Figure 4. With 
such arrangement the cross-section offered 
by the finger to the current flow remains 
sfltfficifial for this finger to ensure transfer 
of current in the closed state of the switch 
without the risk of excessive heat genera- 
tion m* this finger, which generation would 
lead to vaporization of the finger and de- 
terioration of the adjacent solid contact sur- 
faces, and ' nevertheless, the mass of this 
finger remains small and its width , quickly 
increases during- its ejection. 

Two preferred embodiments of the pres- 
ent invention will now be described with 
reference to the drawings. In these embodi- 
ments the switch Is generally cylindrical in 
shape, and the current cut-off is obtained 
by the ejection .of the conductive liquid 
radially outwardly from an annular 

chamber. "\ 

In the first embodiment, illustrated in 
Figures 5 to 7 (with an improved form 
shown in Figure 8), the switch comprises a 
central cylindrical conductive, core 16 ter- 
minating in a conductive disc 17 and sur- 
Founded by an insulating sleeve 18 and 
conductive rings 19 axially separated from 
each other by annular gaps 20. Insulating 
rings 21 are inserted into and extend be- 
yond the peripheral Darte of the conductive 
rings. The core 16 and the conductive ring 
farthest from the terminal disc 17 are 
connected respectively to the two terminals 
5 and 6 of the switch. This unit is mounted 
in a tank 22 filled partly with a conductive 
liquid 23 (such as mercury, sodium, potas- 
sium or another metal or alloy having a 
low melting point, such as the sodium- 
potassium eutectic or the mercury-indium 
eutectic), up to the level of the tops of the 
rings 19, and partly with a liquid 24 which 
is fighter and insulating, (such as water or 
alcohol), and" which floats on the surface of 
the conductive liquid 23. Quick-opening 
valves 25 are provided .in the top of the 
tank 22. 

The operation of this switch is as 
follows : 

Initially, the liquids 23 and 24 occupy 
their respective positions shown in Figures 
5 and 6, the switch is dosed and the elec- 
tric current flows as shown by the arrows 
26. The total resistance r of the system is 
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then small as a result of the short length of 
the current path and the large cross -section 
of the conductors. 

The flow of current in the liquid exerts 

5 considerable forces (called "Laplace 
forces") on this liquid, which tend to eject 
the liquid radially outwardly from the gaps 
20, but such an ejection is impossible as 
long as the valves 25 are closed, as the 

10 liquids are incompressible. 

To cut-off the current, the valves 25 are 
abruptly opened. Immediately, the action of 
the Laplace forces results in an extremely 
rapid evacuation of the liquid through these 

15 gates. 

It is advantageous to limit this evacua- 
tion, for example by receiving the liquid 
ejected through the valves in a non-deform- 
able enclosure of limited volume, so that 

20 the conductive liquid still remains in contact 
with the discs 19 (Figure 7) at the end of 
the evacuation. The total resistance of the 
system will, after the liquid is ejected from 
the gaps, have a value of the order of 

25 1000 r, for example, as a result of the 
increase in the current path length shown 
by line 27 in Figure 7, (the current follow- 
ing a path which circumnavigates the baffles 
formed by the insulating rings 21), and as 

30 a result of the decrease of the flow cross- 
section. 

The role of the light and insulating liquid 
24 is twofold: its lightness facilitates its 
ejection under the pressure of the heavier 

35 conductive liquid; its insulative nature pre- 
vents it closing the electric circuit directly. 

The multiplicity of the conductive rings 
means that there is a multiplicity of annular 
gaps and as a result of this the unit thick- 

40 ness of these gaps can be reduced as can 
the amount of heat dissipated in each, of 
them. Thus the proportion of the heat 
dissipated in the solid members is increased, 
and the risk of deterioration of the surfaces 

45 of these members bordering the liquid is 
reduced correspondingly. 

It is important that all the annular gaps 
20 remain filled with the conductive liquid 
as long as the switch remains closed, that 

50 is to say as long as the valves 25 are not 
open, in spite of the tendency of this 
liquid to move away from the bottom of 
these gaps under the influence of the Lap- 
lace forces. 

55 For this purpose, it is advantageous to 
use the improvement shown schematically 
in Figure 8, wherein a longitudinal recess 
28 is formed in the axial extension of the 
insulating sleeve 18 and communicates with 

60 the internal volume of the tank 22. This 
communication is established by at least 
one conduit 29, which extends from die 
axial end of the recess that is the farthest 
from the sleeve. The recess 28 and the con- 

65 duit 29 are filled with the conductive 



to form a reservoir. 
With this arrangement, when the current 
flows in the switch, the hydrostatic ejection 
pressure exerted axiaily on the liquid con- 
tained in the recess 28 by the Laplace 70 
forces is greater than the pressure exerted 
radially on the liquid contained in the an- 
nular gaps 20. This pressure thus automati- 
cally makes up for any possible faults in 
filling these gaps by forcing some of the 75 
liquid from the reservoir to provide a pres- 
sure head forcing liquid into the gap, at the 
same time, forming a pocket 30 emptied of 
liquid in the recess 28 in the neighbour- 
hood of the sleeve. 80 

The desirability of disposing the series 
of rings at the exterior of the sleeve 18 
rather than at the interior of the sleeve is 
that only in the former case (which corres- 
ponds to a radial ejection of the conduc- 85 
tiye liquid) the differences between the 
speeds of emptying of the various annular 
gaps are automatically compensated, the 
ejection force decreasing automatically for 
the gaps which empty themselves more 90 
quickly, which avoids any unbalance of an 
explosive type during operation of the 
switch. 

The speed of ejection of the conductive 
liquid, may be regulated by ejecting it 95 
through at least one opening of a particular 
size which may "be calibrated in an appro- 
priate manner. 

- In the second embodiment schematically 
shown in Figure 9, the switch comprises 100 
essentially two solids of revolution adapted 
to be abruptly displaced axiaily with respect 
to one another, namely a first member com- 
prising two conductive masses 31 and 32 
connected respectively to the two ter- 105 
rninals 5 and 6 and electrically insulated 
from one another by a disc 33 of insulating 
material, and a second member 34 of con- 
ductive material generally in the form of 
a cone housed in the interior of the first 110 
member. 

In the normal position (switch closed) the 
second member is strongly applied against 
the first in the axial direction A-A" for 
example by means of springs 35, and it is 115 
electrically connected to the first member, 
on the one hand by a cylindrical sleeve 36 
of conductive liquid, sealed by two rings 
37, retained in the mass 31, and on the 
other hand by two sleeves containing con- 120 
ductive liquid, one of these latter two 
sleeves 38 having the shape of a hollow 
truncated cone and limited by two trun- 
cated cone-shaped surfaces fo rmin g shoul- 
ders 39 and being of less sharply pointed 125 
cones than that of the sleeve 38, and the 
other 40 being cylindrical and on the oppo- 
site side of the sleeve 38 from the sleeve 
36 and sealed by two rings 41 retained in 
the mass 32. 130 
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Upstream of the shoulder 39 nearest to 
the disc 33. that is to say on the same 
side of this shoulder as this disc, is a 
chamber 42 into which can be injected a 
5 gas under pressure through a conduit 43. 
Downstream of the shoulder 39 is a duct 
44 having the shape of a hollowed truncated 
cone which initially increases in width and 
which is connected to an annular collector 

•0 gutter 45 by at least one conduit 46 passing 
through an insulating ring 47 interposed 
between the mass 32 and the gutter 45. 

The region of the mass 32 bordering the 
downstream part of the duct 44 is provided 

15 with transverse baffles 48 of insulating 
material arranged to define a maze-like 
path which the current must follow when 
the conductive liquid is ejected from the 
chamber defined by shoulders 39. 

20 The switch operates as follows: 

In the closed position of the switch, the 
current follows the path indicated by the 
arrows 51. which is short and has a large 
flow cross-section, by crossing successively 

25 the two liquid sleeves 36 and 38. 

In order to cut-off this current, a mass 
49 is projected axially against the member 
34. Under the effect of the shock, the 
member 34 moves towards the right. 

30 Immediately, the shoulders 39 separate 
and the Laplace forces, .preferably aided 
by the compressed gas. introduced into the 
chamber 42, eject the liquid of the sleeve 
38 towards the duct 44 and the gutter 45. 

35 During such ejection finger 50 of this liquid 
is formed which finger becomes progres- 
sively smaller in size in the direction of 
its ejection and greater in size in the direc- 
tion of the current flow as the width of 

40 the duct 44 increases.. 

The enormous quantity of heat then ap- 
plied to this finger partially or totally 
vapourises the finger and brings it in a 
very small fraction of a second to a high 

45 temperature. At this temperature the latent 
heat of vaporisation or the latent heat of 
ionization of the finger it very high so that, 
in spite of its small mass, it can absorb 
large calorific energies due to the successive 

50 electric commutation of the different layers 
of the mass 32, separated by the baffles 48. 

The high disruptive force which appears 
just upstream of the finger 50 is contained 
by the* pressure of the gas injected at 42. In 

55 order that this gas can fulfill this role and 
follow the finger, it is desirable that it is 
light, difficult to ionize, highly compressed 
and, possibly, preheated. For example, this 
gas can be constituted by hydrogen or 

60 helium at 1 000-1 500 °C and compressed at 
100 or 200 kg/cm 8 . 

After the ejection of the finger, the cur- 
rent is obliged to follow the path indicated 
by the arrows 52, this path being long 
65 and of small flow cross-section. The in- 



crease ia Resistance is such .that the switch 
can then be considered to be open. 

To re-set the .device, it is sufficient to 
a gain apply the piece 34 against the piece 
32 and to re-inject some conductive liquid 70 

into the sleeve 38. 

As a result, which ever embodiment is 
adopted, a switch is provided which cuts 
off in a very -small fraction of a second (that 
is to say less t b ft " one millisecond, and 
sometimes as low as 10 microseconds or 
even less) a very intense electric current (for 
example of intensity greater than 1 million 



amperes) such as. for example those gener- 
ated by the dynamos described in British 80 
Patent No. 1.042,451 filed by the present 
applicants on March 19, 1963 and entitled 
"Improvements in machines and methods 
for producing higb . intensity electric cur- . 

rents". m 85 

Such a switch can be used for many 
purposes, for example to make a large frac- 
tion of the energy stored in the self induct- 
ance 2 of Figure 1 pass abruptly into a self 
inductance 53 (Figure 1) mounted in parallel 90 
with the switch. This is especially advan- 
tageous when creating the intense electric 
current envisaged in the previous para- 
graph, the magnetic field then generated in 
the self inductance 53 being much greater 95 
than that, generated in the self inductance 2. 

Various modifications of the embodiments 
described above are possible, such as a 
modification in which the progressive in- 
crease of the .circuit resistance caused by 100 
the finger is obtained, not by the successive 
addition of resistances mounted in series, 
but by the discontinuous modification of re- 
sistances arranged in parallel. In this case 
the finger comes, for example, successively 105 
into contact with parallel plates whose ends 
facing the finger axe insulated from one 
another whereas, their other ends are inter- 
connected, these plates being of different 
thicknesses and/ or natures. 110 

WHAT WE CLAIM IS : — 

1. An electric switch for cutting-off an 
electric current of very high intensity in a 
very short time comprising two conductive 115 
members electrically connected to .the two 
terminals of the switch respectively, the 
members being separated from one another 
by a gap for containing a conductive liquid 
through which current will flow to estab- 120 
lish electrical contact between the members 
when the switch is closed, the gap being so 
arranged that the liquid therein will carry 
current flowing in a- different direction to 
the current flowing in an adjacent conduc- 125 
rive member so that there will he a net 
magnetic force tending to eject the liquid 
from die gap; and rapidly releasable means 
to maintain the liquid in the gap in spite 
of such force, to retain the switch in its 130 
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closed state, on the release of which means 
the magnetic force will abruptly eject the 
liquid partly or wholly from the gap thereby 
to increase the effective current path length 
5 to open the switch. 

2. An electric switch as claimed in claim 
1, wherein the members together with the 
liquid in the gap form a generally U-shaped 
conductive path through which the current 

10 will flow when the switch is closed. 

3. An electric switch as claimed in claim 
1 or claim 2, wherein insulating baffles are 
provided in at least one of the conductive 
members and define a maze-like conductive 

>5 path along which the current will travel 
after such whole or partial ejection of the 
conductive liquid from the gap. 

4. An electric switch according to any 
one of claims 1 to 3, which is of generally 

20 circular cross-section, the gap forming an 
annular chamber from which the conductive 
liquid is wholly or partly ejected in a radial 
direction to cut-off the current. 

5. An electric switch according to 
25 claim 4, wherein the adjacent conductive 

member extends axially of the annular 
chamber. 

6. An electric switch according to claim 
5, wherein the conductive members are 

30 separated by a series of such annular 
chambers formed by parallel conductive 
rings mounted on an axially extending in- 
sulating sleeve itself surrounding the ad- 
jacent conductive member which forms a 
core, one end of which core is electrically 
connected to one of the conductive rings, 
each conductive ring carrying an insulat- 
ing ring which projects beyond its periphery 
to prevent conductive liquid associated with 

40 adjacent chambers from coming into elec- 
trical contact, the rapidly releasable means 
comprising an {Insulating liquid filling a 
tank in which said conductive rings, cham- 
bers and baffles are located from which tank 

45 the insulating liquid can abruptly be released 
to flow into a second tank to permit said 
ejection of the conductive liquid from the 
annular chambers. 

7. An electric switch according to claim 
50 6, wherein a reservoir for conductive liquid 

is provided adjacent the said one end which 
reservoir extends in an axial direction sub- 
stantially in line with a portion of the 
sleeve, there being at least one duct extend- 
55 ing from an end of the reservoir remote 
from the sleeve to the liquid in the tank, 



the liquid in the reservoir providing a path 
for current flowing from the core to the 
conductive ring. 

8. An electric switch according to any 60 
one of claims 1 to 3, wherein the gap com- 
prises an enclosed chamber defined by ad- 
jacent truncated-cone shaped surfaces 
formed on each member, and the two mem- 
bers are mounted for movement relative to 65 
one another so that they can be abruptly 
separated one from the other in a direction 
parallel to the axis of the gap to open the 
chamber and to allow the conductive liquid 

to be ejected from the gap during cut-off. 70 

9. An electric switch according to any 
one of claims 1 to 3, or claim 8, comprising 
means to apply a compressed, non-conduc- 
tive fluid to said gap to aid the ejection of 
the liquid therefrom by the magnetic forces. 75 

10. An electric switch according to any 
one of claims 1 to 3 or claim 8 or claim 9 
wherein the gap which separates the two 
conductive members is of increasing width 

in the direction of the ejection of the con- 80 
ductive liquid, the direction in which the 
width is measured being parallel to the 
direction of current flow- when the switch is 
closed. 

11. An electric switch according to claim 85 
3 or any one of claims 8 to 10, wherein 
the baffles of electrically insulating material 
are provided in a region of at least one of 
the conductive members which delimits a 
downstream region of the gap (with respect 90 
to the direction of ejection of the liquid) 
which separates these two pieces. 

12. An electric switch substantially as 
hereinbefore described with reference to and 

as illustrated in Figures 5, 6 and 7, of the 95 
accompanying drawings. 

13. An electric switch substantially as 
hereinbefore described with reference to and 
as illustrated in Figure 8 of the accompany- 
ing drawings. * ioc 

14. An electric switch substantially as 
hereinbefore described with reference to and 
as illustrated in Figure 9 of the accompany- 
ing drawings. 
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